DOCUHEHT BESDME e 



ED 130 892 

AUTHOR 
TITLE 

INSTITOTION 
PUB DATE 
NOTE 



AVAILABLE FEOH 



EDES PRICE 
DESCRIPTORS 



IDENTIFIERS 



SE 021 634 

Sheffield, Sharon 

Basic Principles of Genetics. [Aids to Individualize 
the Teaching of Science, Hini--Course Units.] 
Frederick County Board of Education, Hd. 
74 

42p.; For related Mini-Course Units, see SE 021 
624-656 ; Not available in hard copy due to marginal 
legibility of original document 

Frederick County Board of Education, 115 East church 
St., Frederick, MD 21701 (no price quoted) 

HF-$0.83 ?lus Postage. HC Not Available from EDRS. 
♦Biology; *Genetics ; Individualized Instruction ; 
Instructional Materials; Process Education; * Science 
Education; Science Materials; Secondary Education; 
♦Secondary School Science 
Maryland (Frederick County) ; Minicourses 



ABSTRACT 

This booklet, one of a series developed by the 
Frederick County Board of Education, Frederick, Maryland, provides an 
instruction module for an individualized or flexible approach to 
secondary science teaching. Subjects and activities in this series of 
booklets are designed to supplement a basic curriculum or to form a 
total curriculum, and relate to practical process oriented science 
instruction rather than theory or module building. Included in each 
booklet is a student section with an introduction, performance 
objectives, and science activities which can be performed 
individually or as a class, and a teacher section containing notes on 
the science activities, resource lists, and references. This booklet 
reviews the basic principles of genetics. The estimated time for 
completing the activities in this module is two weeks. (SL) 
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i-ORI".WORD 



_ The writing of Lhese instructional units represents Phase II of our 
wri't^en 'Zl "! "5"^""""*^ development. In Phase I, modules were 
rdence pLsTtt disciplines, life, earth and physical 

science. Phase II involves senior high physical science, biology chemistrv 
physics and science survey. J-"J-"Ky, i.nemistr>. 

The rationale used In the <3p^^an^^• on i 

areas so.e^ar di«icuU toTjc^'lir^lr. . /^. ^ri rlil'lt '"If 
were ,„ade by the writers of the .i„i-courses to relate their sub eci Z 
pract.eal. real world.rather than deal primarily 1„ theorj aadl"; ^^ijaing. 

^.rif^ ^Vl:1:-teT"^^t^ra^-oa-^"e^b; t-ae; rri if 

from school to school. Some may wish to use then tn ^^(7,?^ i • ^ 
while others may prefer to use L even-fr^^t apTrolch: instruction, 

Primarily, I hope these courses will heln far^n^.,^^ 
on) orlentat, science instruction. Sci^Jce ^eLhts' ^raf herSH^o l" = 
many "props" in the tor, cf equipment and materials to help hen maje the!r 

x^t^jr"' tEe^f-^dr' - °" - 

It probably should be noted that one of our cour^pc- Form ,-1 m j 
hl«h physical science, has been changed to scLncr " yr'™"^^" le"" 
to broaden the content base and use a minti rl.-o^-i^i- 7 mcenc being 

high interest course for the non-academic stiident. nieanmgful, 

ALFRED TIIACKSTON. JR. 

Assistant Superintendent for Instruction 
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BA:IC principles Or GENETICS 



Iho '.hidy of iho l^.rWc ()rinci[)kv, controlling the production of characteris- 
tic, or trail'., in successive generations of living things is one of the most 
interesting developments of this century. Man has always been aware of and 
noted the continuity and var i ab i I i ty of the characteristics of living things. 
He has speculated as to the cause of these variations. However, it is only^ 
in relatively recent years that he has developed any real understanding of 
the principles involved in the inheritance of these characteristics. 

All of us know some of the basic rules of heredity. For instance - you 
have observed that dogs produce puppies, cats produce kittens, cows produce 
calves and people produce people. You have also obse.'v id that while several 
puppies, kittens, etc. may be produced at one time and all have the basic 
characteristics which make them puppies (species characteristics), each one 
of these individuals has special traits (individual characteristics) which 
make them different from each other. One of the things you may not have real- 
ized is that both likenesses and differences among individuals can be correlated 
with the relationships between them. 

Tfie biological relationship is only part of the reason for similarities and 
differences oetween individuals. Individuality is the result of an inter- 

action between heredity and environmental factors. The effects of these 
influences vary from trait to trait and circumstance to circumstance. 

The science of genetics studies the contributions of heredity and seeks 
\o analyze the principles and laws governing the action of the biological 
fticfor-. This Is what you will Investigate In this unit of work. 



A. The Work of Gregor Mendel 
OBJ EC VIVE 5 



The student will be able to: 



1. summarize the work oF Gregor Mendel and relate its importance 
to the field of genetics. 

2. explain and diagram these basic genetic principles: 

-Concent of unit characters 

-Principles of dominance and recess i veness 

-Law of segregation 

-Law of independent assortment 

ACTIVITIES • 

The'-jO will aid you in understanding the objectives. 
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a;. Read Chapter 9 of the 1969 edition of Modern Biology or the 
reference chapter assigned, 

b. CompletG part A of Mendel's L.aws of Heredity (see separate 
sheet). 

c. Continue using your resource chapter, this time concentrating on 
the conclusions Mendel reached with his plants. Use this 
information to complete parts B, C, D and E of Mendel's Laws 

of hleredity. 

d. Complete Lab 9-2 Study of Mendel ian Laws. and Principles (on 
separate sheet). 



-2- 
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MENDEL'S LAWS OF HEREDITY 



Part A. Gregor Monde! 

r. Why is Greqor Mendel famous? 



/. List the dates (approximate) of fiis most important experiments. 



*>. When were his., results wiaaly recognized by scientists? 



^. What pionf did Mendel use in most of his experiments? 



3. List four traits Mendel studied in these plants. 

3. c. 

b. d. 

0. Lxplain how tho following precautions helped Mendel com^ to sound, 
scientific conclusions: 

a. The consunt use of controls 



b. Accurate and complete records 



c. Largo numbers of subjects used in collecting data 



/. V/hut is ;;onetics? 
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P.:irl R. Law of Unit Characters 

As Mondcl worked he realized that each character was Inherited inde- 
;)'.'n'!onMy of the ot'hers - in other words, not all red flowers were tall and 
itol- .ill white floworr, were short. Some white flowered plants were tall and 
.•>ni.' w'MO c.horf. I ho -.amo was true for rud flowered plants, rortunatoly 
(or- flon-iel and cjeneticG, this was the case for all the traits he studied. 
MonJol decided that r,ome factor Inside the plant controlled these character 
tics and that the factors were separate units. 

I. In your own words, rephrase the Law of Unit Characters. 



/. Which is inherited, the character (such as flower color) or the 
tendency to produce the character? 



Whai Is tfie tendency called? 



'K What Is 'J gene? 



Where are genes found? 
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Part C. Tho Law of Dominance 



...Ono of the inleroGting investigations Mendel did included work with two 
typo-, of p(v, plants. One type plant had white flowers and one type plant had 
rod flowc.-ri.. rhmuqh •.uccossive generation':, of offspring Mendel found that 
cerrom wh.K; f lower,.! pea plants produced only white flowered offspring 
and tnat certain red flowered plants produced only red flowered offspring 
These plants Mendel designated as pure breeds or pure strains His next 
step was to cross (al low pollination between two plants to occur) pure 
whife and pure red plants. The offspring or progeny (the plants which grew 
from tlie seeds) of this combination aJl had red flowers. There were no 
wn 1 te r I owero. 

Menuol therefore concluded that while the offspring contained both factors 

IZri.l ^7 H i;^^ ^""^^"^ "^"^^^^ ^^^^^+ °f +he white factor. 

Mendel called the red factor the dominant factor, he designated the white 
factor thie recessive factor. 



Ifu; diagram below represents the experiment Mendel performed. Label 
the parent types and the first filial generation (sons daughters) 
usually indicated with this symbol F.. Color the diagram to cor- 
respond with the results of the experiment. 




What doe.: the term character mean when used in genetics? 



i ve an example: 



-5- 
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3. The pair of characters in Mendel's experiment 
^ and 



are cal led 



characters, 



is a variety of organism which always shows the 



same character through each generation 

5. When two parents are pure strains of contrasting characters, the 

offspring are called . Which generation in the 

diagram is an example of this type organism? 

6. In hybrid organisms, one of the contrasting character may mask the 
effect of the other. The character which masks the effect is said 

, the other is said to be 



In Mendel's experiment, it was discovered that red flowers were a 
character and white flowers a 



character , 
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Tfie 1..1W of Segreyation 



Ihe hyi'-id rod-flowering plant;; >ire the same in appearance as the pure 
red tlowerir,,, pUint-j. In genetic terminology it is said that the phenofypes 
(^ippo.iranc.;) <n o the s.mo. When the hybrids are allowed to pollinate each 
oNior -.ofn.. ...f n,o ceod" produce plants with white flowers but most of the 
off^.pr.n; ,ire still n'd. Whon the offspring are counted .„ three-fourths of 

had rod flowers and one-fourth had white flowers. This indicates 
llidt Nio factor for wfiite flowers had not been destroyed, just masked 



i. ')n fho di.-K]ram label the parents, the F,, and the generations. 




l'';|.iK; o,yper iment to Ihe law of segregation 



my of t!,o offspring in the F2 generation pure strain? 

could you find out?_ 

Wor.' ,ny of tlio offspring in the Fp generation h y hr'l'"d"sV 
H' >w '..ould you find out? 



fho porr.r,n|,Mr.es of the type of offsprim in flio f - , .^^^nnrni 



■ '"^''-l t; Uybr i d red %; [>.jru whi h 

'.'/■i.' v/f;r-f li)(;r-o no hyhrifl wfi i to f)lanfn? 



if 
I" . 



I on 
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rhe Law of Independent Assortment 



In your own words restate the law. of Independent Assortment. 

tvnc'?n 'ht^T'"^'°" of gametes for an individual with a Rr Yy geno- 
vpo n which R represents the gene for round seeds, r represents the 
qonc for wrinkled seeds, Y represents the gene for ye I low color Jd 

ie ure fLf lnT-'"\".°' °" ' different chromosome, 

bo .ure that you include all possible gamete types. 



-8- 



15 



9-2 

STUDY OF MENDELIAN 
LAWS AND PRINCIPLES 

Purpose 

To suuly Menders principle, ol unit characters and dominance and ihe laws of segregation and 
ii!dc|KMulenl assoriment. ^ 6° v. » aim 

Related Information 

Tl.o l:,ws .hat Mcndcl formulated from his experiments with garden peas stand today practically 
unchanged. His conclusions concerning (he inheritance of traits were based on the study of many 
generaiums of garden peas. Since you cannot study .several generations of plants or animals-tiuring 
yoi.r bmlogy cour.se, we have provided several situations in which you can study Mendelian laws and 
pnnc.plcs ol .nhcntancc and determine the expected ratios of offspring from parents whose geno- 
ly|)Osare provided. r 6 - 



Part 1 DIAGRAMMING A MONOHYBRID CROSS 

Tl»c seed coal was one of the seven pairs of contrasting traits that Mendel studied in garden peas He 
lound (hat some seeds had smooth coals and others had wrinkied coats. He crossed plants havine 
these (wo (ype.s of seeds to determine how (he seed coat trait is inherited. 

Materials 

no materials or apparatus required 
Procedure and Observations 

The pmcnl plants in the cross Mendel used are shown in (he diagram. The plant that is homozygous for 
smoodi seeds IS designated as SS. while ..v indicates (hat the plant is homozveous for wrinkUH ..pHc 



(a) If (he male parent is homozygous 
lor smooth seeds, what kind of gene will be 

present in each sperm produced? 

(b) Similarly Jf (he female paren( is homozygous 
tor wrinkled seeds, wha( kind of gene will (he 

eggs contain? 

Diagram this cross in the Punnet! square marked 
/*).(c) What is the genotype of (he plants in (he 

A) genera lion? 

((I) What is the phenotype of the plants in the 

/') generation? 

(e) How ihK^s {\m cross illiis(ra(e (he principles 

«»r nnil characters? 



P cT Smooth Seeds X ? Wrinkled Seeds 
SB ss 



Femali 
Genes 
Male 



















P Hybrid Smooth X Hybrid Smooth 
Ss Ss 



( D Of dinninance? 



(g) In what way do (he offspring of the Ff gen- 
eration (iifler I'rom (he parents? 



Female 
Genes 
Male ^ 



















A cross involving one pair 
of genes with doninance 
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Mendel then crossed two heterozygous ^imooth-seed plants to produce the R gencni- 
tion. Diagram this cross in the Punnett square marked /s. (h) What is the phenotypic ratio of ihe 
offspring? 

(i) What two kinds ol sniooth-sced plants arc present in the generation? 

(j) Which of Mendel's laws imd principles are demonstrated in this cross? 



Part 2 DIAGRAMMING A DIHYBRID CROSS 

In Parr I you diagrammed the inheritance of a single trait. In this part you will study crosses in which 
two traits are involved. 

Materials 



no apparatus or material, required 

Procedure and Observations 

In (he Pgcncrdlion shown in the diagram, the male 
parent is black and rough-coated and is homozy- 
gous lor both of these characters {BBRR). Black 
:ind rough arc dominant in guinea pigs. TIic female 
purcnl is a homo/.ygous white, smooth-coated 
guinea pig (bbrr). Both of these characters arc 

recessive. (\\) WIkK genes are in Ihe sperms? 

(b) What genes arc in (he eggs? 

(c) Whal is the genotype of the generation? 

(d) What is the phenolype of (he f-^^ generation'' 

Two oT the offspring of the F^ generation 
arc used as jwrenls to produce the F^ generation, 
as shown. Diagram the possible offspring from such 
a cr()s.s in Ihe Punnett square and list the ratio of 
the four phcnotypes below the Punnett .square. 

(e) How docs this cross illustrate the law of inde- 



BBRR 



BbRr 




BbRr 



Gen«» 
Mate> 



















































pendent ussortment? 




(f) If the genes for coal color and those lor coat 
lextnie were carried on the same chromosome, 

would ili/:> lawiipply*^ Hxplain 

your answer 



A cross involving two pairs of 
genes with dominance 
Ratios 

Black rough White rou^jh . 

Black smooth . . . White smooth 
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Part 3 EXAMINING A SINGLE GENETIC TRAIT IN CORN 



Tlicrc arc two very striking contrasting inherited characteristics found in corn seeds. One is the color 
of the outer layer of the endosperm (purple or nonpurple) and the other is the characteristic of the 
seed coat (smooth or wrinkled). When pure strains of corn producing purple seeds are crossed with 
pure strains of corn producing nonpurple seeds, all of the offspring have purple seeds. Further- 
more, when pure strains of com producing smooth seeds are crossed with 'pure strains producing 
wrinkled seeds, all of the Fj offspring have smooth seeds 

Materials 

genetic corn showing a 1 : 1 ratio of purplc-nonpurple 

(yellow or white) seeds 
genetic corn showing a 3:1 ratio of purple-nonpurple 

(yellow or white) seeds 
straight pins 

Procedure and Observations 

Some of the members of the class will be given ears of corn that were produced by crossing two 
hybrid purple parent strains: others will receive ears that were produced by crossing a hybrid purple 
strain and a nonpurple parent strain. You will not be told what kind of cross produced the ear of 
corn you have. You must determine this for yourself by counting the number of kernels of each 
color (purple or yellow) you fmd on the ear. Put a pin in the end of the row of kernels when you 
begin counting. Count each kernel in a row until you return to the point marked by the pin. Record 
your count in the tabic provided. Do not pick the kernels from the cars. 



Kinds of seeds 


Number in each row 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


Total 


Purple 




























Nonpurple 
(yellow) 





























IX^tciniine the total number of purple and nonpurple seeds you have on your car of corn. Record the 

itiCil in the table provided, (a) What percent of the seeds were purple? 

(b) Nonpurple? (c) What is the ratio of purple to nonpurple seeds? 

(d) Is there any evidence of purple color in the nonpurple 

seeds? (e) Explain your aniAver 

if) Aithougli the purple seed? on both 

kriuls of corn resemble one another in color, what evidence did you find that ihey may di/fcr 

genetically? 



{^) l.i.st the Mendelian laws or principles illustrated in this part. 



(h) On the basis ol your resulis, reconstruct the genetic makeup of the parents of the two kinds of 
cars ol com 
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Part 4 EXAMINING TWO GENETIC TRAITS IN CORN 

Y(ui will not bo (old whal kind of plants were crossed to obtain the car of corn you have. Your count- 
ing of the chardctcristics (purple, nonpurple, smooth, and wrinkled) should help you determine the 
possible genotypes of the parents. 

Materials 

genetic corn showing a <^:3:3: 1 ratio (purplc-smooth- 

ycllow-shrunkcn seeds) 
straight pins 

Procedure and Observations 

Use the same procedure as was used in Part 3 to count and classify the seeds. Record your count in 
the table provided. 



Kinds of seeds 


Number in each roiv 


1 




3 


4 


5 


6 


7 


8 


9 


10 


i 1 


12 


Total 


Purple smooth 




























Purple wrinkled 




























Non purple smooth 




























Nonpiirple wrinkled 





























(a) How many different phcnotypes did you find? 

( b) Nan.e these types 

^c) Which type appeared most frequently? 

(cl) Less fiecjiienlly? (g) Were the purple wrinkled seeds 

as connnon as the nonpurpic .smooth ones? (f) Using tKe%mbols P for purple 

and p for nonpurpic and S for smooth and^ for wrinkled, give the genotypes of the Fj generati<»n 

thai pioduccd the ear of (•'>rn you examined 

The two parents that produced the generation were pure strains, (g) Give the genotypes of the 

parents uf the Ff generation 

(h) Which of Mendel's laws or principles is represented in this part? 



Summary 

On the basis of your results, explain how genetic principles operate according to predictable rules. 
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Name 



Class 



Date 
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AH-IVIIY 29. Whnt ore the results of mating two hybrids? 

PRE- LAB 

^- I'.ibv/ is about to be born! What are the chances that i+ k u 

matched in numbers. ^ ^ evenly 

Does this mean that if a couple had four children, two will be bovs and 
^ilspHnc^ :]:e'air:a?:s^^:r aTl' f em'^Je^^"^^^ ' ^ ^^"^ ^^^'"^ 

hnJ""^'' ''^ ^^'^ 3 boy or girl will be 

or one' °' ''°] ■ '''''' -^^nces may also be expressed ssS^ 

th/w . I ; f '? '^ws of probability and depends on 

the ana., sr. of a groat many happenings. One family may have five boys 

About the time the Civil War was ending and the American West was beinn 

o? ;ari'n.' T T T^"' ^^^'"^ mathematical analyses 

outXuw n, T T ^"^^ '^^^'"9 3een a chromosome, with- 

^oLn \, r developed the basic lawr/of 

ilHLc,_r^jc^ II,,. !■. ^he science of heredity, which explains how the trait- of 
living lhin<v. nro handed down from generation to generation. 

You n.-.e,r,bor that 'luring the process of maturation, sperms and eggs are 
umbo ;i H "T'"°" divisions. Each winds up with a mono lotd 

number of diromovornes and genes. The diploid number is then restored duri no 
lerni i/r,ition, when egg and sperm are united. 



Let Ns concenlr.rfe on a single traif — the size of a pea plant If we 
know l-l,,.- „.,.notic n.k..,., m.n.+.pe) of +he parent plants, we should 

s well as the appearance (phenotype) 
that we examine a great many plants. 
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to prod id fhe genetic makeup as well as the appearance' (phenotype) of their 
offspring-orovded, of course, that we examine a great many plants. 

Sine., no,.f of ur. hos neither tl,e time nor patience cf Gregor Mendel ve 
Cdn v,)r;o..l u;.. rho proceo- by flipping coins instead of ra i s i ng' p I ants ' 
'iJi.pose w... ,r:e r.enny to represent the mole and a nickle for the fema|.= 

fhf ,' M 'ri''""'"-.'' ^'d^ ^ s'd<=- Let the head 'rep-'-Asent 

or r^^- . +° be dominani-. The tail is then the .hort 

2LJ^-il.'.iL/li (1) 'r>nt. "Jho :>-;nny can be thought of as a hybird It ran 

(.rodu.r. . .n,,,ining either a T or t. The same is t%e of' thL nicNo 

t ! +yP- °^ - eng. (A -pure- coin weld lie 

. ,\":'"""- "V i"^nf..on'-, when hybrids .ire mated (pennies -l-vJ nirklos 

;!'''' ' '""^ <^n'-wor:: fo the few questions on the followin i ' 
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QUESTIONS -ACTIVITY 29 
1. Explain the difference between genotype and phenotyne. 



2. Ill order for an analysis to be scientifically worthwhile, what must 
be true of the number of events or happenings examined? 

3. What is meant by each of these terms: 
domi nant 



recess i ve 



hybr i d 



LABORATORY PROCEDURE 



Materials: One penny and one nickle 

I. f'f^vie?w the results of mating two 
pure individuals by completing 
the F-^unnett square to the right. 
A-i^sumo all ^he male gamete 
(sperm nuclei in this case) 
contain the tall (T) trait. 
As-^ume also that a I I the egg 
nuclei produced contain the 
:>hort (t) characteristic. 

/^ ^Nlow review the results of mating 

^wo hybrids. Half the male gametes 
will contain the (T) or ta I T 
trait. The other half wi I I 
contain the (t) or short 
tr.'nt. The same will be true 
for' the eggs. Complete the 
Punnett square to the right. 

Toes your penny and nicklo to 

f i nrj the nametes produced by 

ciiance arxj the resij'ting 

f^.-rt i I i zot i on-: . One hundred 

fosses of er]ch coin should be enounh. 



T 



Pur\neH Square 

Two Pure. 
Xndi Viduals 



Two MybriJs 
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You can flip both the penny 
and thenickle together or- 
one ricjht after the other. 

OBSERVATIONS: If two heads 
come up, record this in the 
column TT in the first table 
on the hcxt page. If a head 
and tail come up, mark that 
in the column Tt. Record two 
tai Is in the tt column. 

In the second table, record 
the totals for each member of 
the class. If each student 
records his three totals on 
the blackboard, it will be 
easy for everyone to copy 
the results onto the table. 
Then add the totals for the 
entire class. Have a neighbor 
check your addition. Compare 
totals with some of your class- 
mates. 
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OBSERVATIONS 



Is 





RECORD OF 100 TOSSES 


TT (two heads) 


Tt (head and tai 1 ) 


tt (two tai Is) 















RECORD or THE CLASS 



TT (two deads) 



Tt (head and tai 1) 



tt (two tai Is) 
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ACTIVITY 2<) 

I 

POST - LAB 

These questions will help you to interpret your "^resu I ts. 

1. What is the expected genotype ratio of a hybrid mating? 
TT : Tt : tt 

2. How did your results compare with the expected? 

3. Wftre the results of the whole class closer to the expected ratio? 



If tho answer is "y^s", explain. 
If tho answer is "no", explain. 

What were tho phenotype (appearance) ratios in your crosses? 
Tall Short^ 

Hov/ do ttieso compare with the expected? 

Certdin ir^jits ^Jo not sf)Ow dominance or recessiveness. For example, 
the white and red color traits in flowers like the Japanese four 
o'clock will Mend in the offspring to produce pink flowers. Work 
out the theoretical results of crossing two hybrids that show this 
type of blending inheritance (also called incomplete dominance). 



What can you say aoout the comparison of genotype and phenotype 
ratios in trLM>> that blend? 
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Putting Mendel's Laws to Work 
OBJECTIVES: 
■ The student will be able to: 

3. work genetic problems of both monohybrid and dihybrid 
crosses for both homozygous and heterozygous traits. 

4. use and fill out a Punnett Square. 

determine genotypic and phenotypic ratios for genetics 
problems presented to you. 

ACTIVITIES: 

These activities will help you to understand the objectives. 

a. Complete Activity 29 "What Are The Results of Mating Two 
Hybrids" (sep.irate sheet) • 

b. Complete worksheet entitled "Guinea Piqs Illustrate Mendel's 
Laws" (separate sheet). 

c. Complete "Inheritance of Two Pairs of Characters (Dihvbrids)" 
(on separate sheet). 

d. Work the gen- .cs problens ( >n separate sheet) . 
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NAME 



DATE 



5. EXPLANATION OF THE LAW OF SEGREGATION 





POLLEN 



It is now known that ihc pairs of chromosomes in the sex cells carry the factors of 
iiihcriiance. In a purc-hrcci animal or plant, ooth chromosomes of a pair will have 
the same gene or fiicior. In a hybrid, however, one chromosome of a pair will have 
the gene for the dominant character, while die other chromosome carries the reces- 
sive gene. When sperm cells and egg cells are formed in a hybrid, and reduction divi- 
sion takes place, some sperms and eggs will have the dominant gene, while the 
others will have the recessive. If a sperm with a recessive gene fertilizes an egg with 
the same recessive gene, all the body cells of the resulting organism will have only 
those recessive genes, and the recessive character will develop in the organism. 

1. The first diagram at the right shows what 
happens when a pollen grain from a pure red- 
flowering plant fertilizes an egg cell from a 
pure white-flowering plant. In this diagram 
the letter R stands for the factor which pro- 
duces flowers; the letter r 

stands for the factor which produces 

flowers. Capital letters are used to represent 

{dominant^ recessive) fac- 
tors; small letters represent the 

factors. The letter used is the initial of the 

character, 

2. What color will the flowers of the Fi gen- 
eration have? 

3. The second diagram represents the for- 
mation of polle i grains in the hybrid plant. 
I>rcansc of reduction division, each pollen 

grain contains only gene for flower 

color, cither the dominant, {symbol) , or 

the recessive, .... There are thus [how many?) 

kinds of pollen grains produced by a 

hybrid piniit. Similarly, there are ( 11 

kinds of egg cells produced. ^ 

4. The ne.\t series of diagrams shows the 
four possible combinations of pollen grains and 
egg ( clls from these hybrids. Next to each 
diagram, name the type of offspring which re- 
sults, using the terms pure red^ pure w/nle, or 
hybrid fed. 

5. Of the four combinations, how many arc 

pure red? Pure wliitc? 

IIyl)rid red? 




RESULT: V 




RESULT: 




RESULT: 




RESULT: 



26 



ERIC 



6. GUINEA PIGS ILLUSTRATE MENDELS UWS 



Guinea pigs are frequently used for experiments in genetics because they repro- 
duce rapidly and have certain definite characters which can be observed. For ex- 
ampl<:, bl(Kk coat and white coat are a pair of contrasting characters; black is dominant. 
Smoothness and roughness of coat are another pair; rough coat is dominant. 

1. Compleic the following diagrams which illustrate the inheritance of hair color in guinea 
;:igs. 'F'h:? paribus ar:! a pure black male and a pure white female. Color the animals. 




/ 





/ 



\ 







f 





2. The Punnctt diagram is a simplified way of determining the genetic make-up of the off- 
spring of any two parents. Complete the diagrams above. 

3. In the diagrams above, what docs B represent? 

\Vli;M I . jM . in * .... 

.1 \\.xx - iM ^ V --idiA iv» \H\HUue ih(' wiuant colof? 

^^^^^^^ f v/ ' n.,.--t;uv ^mns^^ . iv. .'sMW ^vUn ' 

5. Civc ihe I alio i\i ihe I*'-: i;eneration: 

Pure Black : Hybrid Black : Pure White 



6. How is the law of segregation illustrated in this exercise? 
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NAME. 



DATE, 



7. INCOMPIETE DOMINANCE OR BLENDING 

.he ,>vo colors »«m >„ blend in "hThrbrid ? ^r^:"' color *ows dominance, buf 
of the F, generation, the resulting F.'^^LeraUon wm „ T " f '"™'>C" 
w,„ „ave red «owe„, so.! whL "iTbf ^at^rp-fre!:^ 




















Incomplete Dominance 

f. wh;^t^!;^r;L11fr^;rJ^^r~ , 

small letter r" *^ ™ ""'^ instead of 



RR: 



4. Give the color produced by each combination- 



RW:. 



WW: 



5. What is the ratio in the F, generation? . 

incomplete dominance 
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RT 



RT 




rT 



rt 



RR 


RR 


- ^' 1 ^ 


TT 


■ V 














I 

' 



ciorTll'Tqurrc^onSal^^^ °K !" ^PP^^'-ance, produced in the F 

your color ly below: '° ^^^^ '^'"d -P-eSted by each squl^^^^^^^^^^ 

Tall and Red O Tall and White F] C/ , . „ 

ShonandWhiUU 

■■■■ ^0. of Squares ... . of Squares ... . 

'^r' M J . • 



^/ior/ and Red Q 

3. Cou. .He „,3,;a.„ each co,„ran!!:::;-;,, ^ ""^^ 

' " ^"^^'^ tnc spaces above. 



OPTIONAL 

4. How many difTcrcnt kind*? of r.io«f • 
ationP . d-.e.en. rll" er;.' ^^^-^ . .He P. .ner- 

H>^VE yoa i£^«NED THE MEAN/NG OF TH/S WO«D? 
dihybrid (dyc-hyc brici) 
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GENETIC PF^OBLEMS 



one 
ow. 



Wofk ..MCh problem uoporate 1 y. When you have worked the problem indicate 
the qonohic laws or principles demonstrated. Be sure you fill out a 
l'unn"tt '.(jii.jre for t^uch onel 

I. M<^io: In summer •,,u,T-,h, whiio fruit is dominant over yellow. 

If a squash plant homozygous for wh i to is crossed with one homo- 
Ayyous for yellow, what will be the genotype of the F,? 



h. What will be the phenotypes of the F,? 

c. What will be the genotypes of the F2? 

d. What is the genotypic ratio of the F2? 

c. What is the phenotypic ratio of the F2? 

2. A white fruited squash plant when crossed with a yellow fruit d 
pr-oducos offspring about half of- which are white and half yel 
What are the genotypes of the parents? 

'f>. Note: In guinea pigs black coat is dominant over white coat. 

.-3. Cross a homozygous black guinea piq with a homozygous white 
guinea pig. What are the genotypes and phenotypes of the Fi 
generation? ' 

b. Give the genotypic and phenotypic ratio of the F|? 

4. If a black guinea pig is mated to a white guinea pig and the resulting 
offspring 8 black and 7 white. What are the genotypes of the parents 
and the of fspr I ng? 

'■J. Noto: In guinea pigs, rough coat is dominant over smooth. 

'J. Two rough coated guinea pigs when bred together produce 18 rough 
and 4 smooth offspring. Wt,at proportion of these rough offspring 
may be expected to be homozygous for this character? 

6. Mote: The polled or hornless condition in cattle (P) is dominant 
over the horned (p). 

J. A certain polled bull is bred to three cows. With cow A, which 
IS horned, a polled calf is produced; with cow B, also horned, 
a horned calf is produced; with cow C, which is polled, a horried 
calf is produced. What are fhr. r,^:notynes of these animals? 
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If a homozygous black rough coated guinea pig is crossed with a homo- 
zygous white smooth coated guinea pig, what will be the appearance of 
the F|? of the F2 of the offspring? Determine a genotypic and pheno- 
typic ratio for the F, and Fp- i 
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Incomplote Dominance 
OfSJECTIVES: 

Tho stijflonl will he* .ihK^ lo: 

6. define incornplotu dominance. 

/. ^-ieterfnine and project the results of crosses involvinc 
incomplete dominant characteristics. 

ACTI VITlEo: 

a. Do "Incomplete Dominance or Blending" (on separate sheet). 

b. Work "Problems in Incomplete Dominance" (on separate sheet). 
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PROBLEMS IN INCOMPLETE DOMINANCE 



Note: In four o'clock flowers, red flower coior is Incompletely 
dominant over white, the heterozygous condition being pink-colored. 

If a red flowered four o'clock plant is crossed with a white 
flowered one, what will be the flower color of the F,? of the F2? 

I>. If you wanted to produce four o'clock seed all of which would 
yield pink-flowered plants when sown, how would you do it? 

Nofe: In Andalusian fowls the heterozygo^JS condition of the factors 
for black (B) and white (W) is blue. 

d. What offspring wiil a blue Andalusian fowl have if bred to birds 
of the following colors? 
L black 
2. white 
3., blue 

.Mot-o: In snapdragons rod flower color (R) is incompletely dominant 
over white (W), the heterozygous condition being pink ; and the normal 
broad leaves (B) are incompletely dominant over narrow, grasslike 
oner, (n), the heterozygous condition being intermediate in leaf breadth. 

a. if a red-flowered, broad- leaved plant is crossed with a white- 
flowered, narrow- leaved one, what will be the appearance of the 
Fj and the F2? 
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D, Linkage 



OBJECTIVES: 

The student will be able to; 



3. define gene linkage and relate its importance to Mendel's 
law of independent assortment. 

9, def i ne sex I i nkag^. 

10. determine and project the results of crosses involving 
sex linked characteristics. 



ACTIVITIES: 



a. Read panes 14? and 130 (Gene Linkage and Mendel's Law of 
Independent Assortment) in the 1969 Modern Biology . Make 
a full pa'je diagram to illustrate gene linkage and'wendel's 
Law. On the back discuss the implications of the discovery 
of qene linkages on Mendel's Law. What do you think would 
have happened if Mendel had choosen two traits that were 
I i nked? 



b. F^ead pp. 135-141 :n the 1969 Modern Biology . 

c. Do lab 1 0-1 "Sex Chromosomes and Linkage". 

d. Work "Sex Linked Problems" (on separate sheet). 
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10-1 

• SEX CHROMOSOMES AND LINKAGE 



Purpose 

Ti) study the inheritance of six and scx-linked traits. 
Related Information 

I :k^I. (unnan body .vll contains 2} .:n,. di. onu.scri... Due nl ,he pairs is dillWcnt in (he male 
' • t-*'M.Uv I ho MK-MiiKMs ,!,i.s p;„: rck'!H'd (oaslhesvx dnuinosomcs. When a oeneis carried 
se\ .•hrnniDSninc. ll ls^;,ld In be srx hllkril. 



'"'Ut 1 DiAORAMMING SEX OETERf INATIOKi 

I}- ivvo .cx ehro,nos<uMes nf (he l-nule .ne I.. .,,.1 :ne lele.rcd to as X chroniosonies. In (ho 

• Male iIiesexchromoMMnesoasisi ni .hi X htn.Mwsumc and a Y cluoniosonie. 



MatoriaU 

ijoni.ilcnals or appaiatus ie(jiiircd 

Procedure and Observations 

Using a Pnnnett sqiunc. diagram sex delermination 
in man in the space provided, (a) Wlint is the geno- 

ty|K» of the ieniale? (b) The male'.^ 

(c) What is (he probability tha( (he olCspring will 

'^i-* male'? (dl Female'' 

(e) Why is it impossible to predict ihe sex of the 

offspring? 



cT XY X ? XX 



Female 






Chromosomes 






Mate*^ 



















Part 2 DIAGRAMMING SEX LINKAGE 

In human beings. gn.cs controlling color vision arc located on the X chromosomes The gene for 
nonnal color vision .s dominant to the gene for color blindness. We can represent this as XC fornoniial 
d..,„,„an( color vision, and X^' ior tl-e color-blind recessive. Therefore. X^'X--- would represent a fc.nalc 
uith normal color vision who is a carrier of Ihe recessive gene for color blindness. A female with nor- 
mal color vi.sion who is not a carrier of the gene for color blindness is represented by XCX^ X'-'X'^^ 
irprcsenls a color-blind fein.ile. 

In mules. X''Y indicates normal color vision and X^Y" indicates color blindness Tlic Y 
chromasonic does not carry a matching gene for color vision. 

Materials 

no malerial.s or apparatus required 
Procedure and Observations 

r-iliin Ihe following Punnett square, diagramming inheritance of color-blindness in man. 
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XCXc 



Female — ► 






Ctitonrt050m€s 

























(a) Summarize the sex and color vision ability of 
the otfspring 



Wll use pipe de.„e,s 7"„re„, ,r 7 ° "'"">' V»" 

P P 10 ,cprese„( ,he „x chromosomes and lest lubes for the ceils of ihe body. 

Materials 

four 6-inch test tubes 

white pipe cleaners 

1 0% hydrcchloric add solution 

weak brorn thymol blue solution 

1% sodium hydroxide solution 

Procedure and Observations 

hydroxide solullon for Zl'^n u 'e „1„^ *'.T" " h ' I"" sodium 

are ,..dy 1„ ihc„,. Bend some pii^^c^a e sT,*:«r:clT Zs'^^^^^^ 

represent the Y chromosome. ->cmDie a une. fhese are left untreated and 

Fill four test tubes two-thirds full , 

of the bi om thymol blue solution. This solu- ^ ^ 

tion serves as. an indicator to demonstrate 

(he masking of the genes when a recessive 

and a dominant one arc present in the same 
cell. The solution turns yellow in the pres- 
ence of a base (sodium hydroxide). Number 
tlie lest tube "cells'' 1-4. 

Distribute the variously treated pipe 
cicmicr ''chromosomes" as follows: two acid 
"1 tube 1 ;an acid and a sodium hydroxide in 
lube 2: an acid and an untreated one in tube 
3 ; and a sodium hydroxide and untreated one 
in tube 4, as shown. 

Observe any color change that occurs 
in the tubes. Record the results and conclu- 
sions in the table provided. 



yC yC 





Technique for setting up the test tube "cells" 
and pipe cleaner "chromosomes'' 



Gcfivs 


Color change 


Color vision 


Sex 










x^x^- 








XC'Y- 








X^'Y- 
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(a) What percent ot* llie males in your demonstration would be color-blind? 

(b) Wliat percent of the females would be color-blind? (c) Explain your answer. 



Work t)ui a cross between a color-blind male and a female who is a cairier of the color-blind 
gene. Use a second set of pipe cleaner "chromosomes" and test-tube "cells.'' Prepare your own table 
and record your results, (d) What percent of the females would be color-blind in this cross? 

(e) Explain 

(0 What percent of thc^males would be color-blind? (g) Explain 



Summary 

Explain why only a small percent of the women in the population are color-blind. 
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SEX LINKED PROBLEMS 



man 



A girl of normal vision 'whose father was color blind marries a ,ua 
of normal vision whose father was also color blind. What type of 
vision will be expected in their offspring? 



A color-blind man marries a woman of normal vision. They have sons 
and daughters, all of normal vision; and all of whom marry normal 
persons. Where among the grandchildren may color blindness be expected 
to appear? ^ 



A man and woman, both of normal vision have I.) a color-blind son 
who has a daughter of normal vision; 2.) a daughter of normal vision 
has one colorblind and one normal son; and 3.) another daughter of 
normal vision who has five sons, all normal. What are the genotypes 
of grandparents, children and grandchildren? 



A man o maternal grandmother had normal vision; his material grand- 
father was colorblind; his mother is colorblind; his father is of 
normal vir.ion. What are the genotypes, as to vision of the two 
porenfu and grandparents mentioned? What type of vision has this man 
himself? What type have his sisters? If he should marry a woman 
ionol-ypical ly like one of his; sisters, what type of vision would 
uo expected in the offspring? 
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TEACHER SECTION 

UNIT OBJECTIVES 

liiG student w i I I be ab I e * ^: 

2. explain and diagram these basic genetic princples: 
a. Concept of unit characters 

c" r^w"ni^i^' °^ dominance and recess i veness 

c. Law of Segregation 

d. Law of Independent Assortment 

^. use and fill out a Punnett Square. 

determine genotypic and phenotypic ratine fnn 

presented to you. ratios for genetic problems 

6- define incomplete dominance. 

def ine sex I inkage. 

10. determine and project the rp=;Mi+c r.f 

linked characteristics involving sex 
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A/ THE WORK OF GREGOR MENDEL 
ACTIVITIES 



a. Another text or edition of Modern Biology may be sub- 
stituted 

b. 



c. 



d. Lab 9-2 from Biology lnvee;+fg;,-hjnpc; hy otto and Towie 
need genetic corn with these ratios 
1:1 purple to nonpurple 
3: I purple to nonpurple 
9:3:3:1 purple: smooth: yellow: shrunken 
straight pins 

B. PUTTING THESE LAWS TO WORK 

ACTIVITIES 

"fr-om Laboratory Activity Manual for Biology by Zeichner & 
Be rman. 

• "f* from Discovery Problems in Biology by Bagby, Cope, Hann 
and Stoddard. 

g. from Discovery Problems in Biology . 

h. 

C. INCOMPLETE DOMINANCE 

i. from Discovery Problems . Note: Biology I nvesti gat ions 
(Otto, TowIe) also has lab on this 9-3. 

j- 

D. LINKAGE 

ACT I V I T I ES 

k. Once again, substitute if necessary. 
I • same 
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m. from Biol oqy I nvest iqati ons 

need (per team or individual) 
I 4 six inch test tubes 

white pipe cleaners 
10^ MCI solution 
wer'^k bromthymol blue solution 
i:^ NaOH solution 



Bh.L.IOGRAPHY 

(Books containing parallel information) 

Biology by Smallwood and Green, Silver Burdette 

Biology : An Inquiry Into the Nature of Life by Weinberg, Al lyn 
and Bacon, I nc. 

Biology and Humjn Progress by Eisman and Tanzer, Prentice Hall. 

BSCS Green Version by BSCS Stcff, Rand McNally. 

Modern Biology by Otto and Towie, Holt, Rinehart, Winston, 
(severa I edi t ions ) 

Ldb Manuals 

Biol ogy I nvest i gat ! ons by Otto, TowIe, Crider, Holt, Rinehart 
and Winston, 

Discovery Problems in Biology by Bagby, Cope, Hann, Stoddard, 
College Entrance Book Company, 

Laboratory Activity Manual for Biology by Zeichner and Bernian, 
College Entrance Book Company, 



Note: 

Audio-Visuals on this are in general-poor. The genetics films from 
the IMC are very difficult and are not recommended. 

One good film "The Thread of Life" is available through Bell Tele- 
phone Company. 

Note : 

Another text worth investigation for the middle ability st dent 
might be Biology and Hutnan Progress by Eisman and Tanzer, pub. 
Prentice Hall. Also - some grade 7 Life Science texts may have 
reading material appropriate to this student. 
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SCIENCE MINI- COURSES 



PHYSICAL SCIENCE 

ELECTRICITY: Part 1 

(Types of Generation of Electricity) 

ELECTRICITY: Part 2 

(The Control and Measuremant of Electricity 

ELECTRICITY: Part 3 
(Applications for Electricity) 

CAN YOU HEAR MY VIBES? 
(A Mini-coarse on Sound) 

LENSES AND THEIR USES 

WHAT IS IT? 

Identification of an Unknown Chemical Substance 



Prepared by 

Marvin Blickenstaff 

Marvin Blickenstaff 

Marvin Blickenstaff 

Charles Buffington 
Beverly Stonestreet 

Jane Tritt 



BIOLOGY 

A VERY COMPLEX MOLECULE: 

D.N. A. The Substance that Carries Heredity 

Controlling the CODE OF LIFE 

Paleo Biology - BONES: Clues to Mankind's Past 

A Field Study in HUMAN ECOLOGY 

Basic Principles of GENETICS 

HUMAN GENETICS - Mendel's Laws Applied to You 



Paul Cook 
Paul Cook 
Janet Owens 
Janet Owens 
Sharon Sheffield 
Sharon Sheffield 



SCIENCE SURVEY 
WEATHER Instruments 
TOPOGRAPHIC Maps 



John Fradiska 
John Geist and John Fradiska 



CHEMISTRY 

WATER 



Ross Foltz 



PHYSICS 

PHYSICAL OPTICS 



Walt Brilhart 



